Objectives. This study aims to determine the anatomical changes occurring in the nasal septal body (NSB) among patients with sinonasal disease and compares the measurements obtained from patients without sinonasal disease.
INTRODUCTION
The nasal septal body (NSB) is a distinct anatomical structure of the anterior nasal septum, composed of thicker cartilage and mucosa as compared to the rest of the nasal septum. It is clinically seen as a soft-tissue thickening located superior to the inferior turbinate, and anterior to the middle turbinate [1] [2] [3] . This mucosal swelling is quickly noted on both nasal endoscopy and cross-sectional imaging. However, this focal midline prominence is either often ignored or confused for a high septal deviation.
In a literature search limited information is written about the NSB. The studies mainly focused on histology and gross anatomic morphology. The septal body has been described as a dynamic structure that can regulate nasal airflow and humidify inspired air. This is primarily due to the structure's vasoactive and glandular properties [2, 4] . Furthermore, it has been emphasized that its proximity to the internal nasal valve (INV) can markedly alter nasal resistance and airflow because of its possible effect on the cross-sectional diameter of this region [2, 4, 5] .
In addition, the NSB shares similar histologic morphology with the inferior turbinate [2] . It can be presumed that the septal body can also undergo similar mucosal changes as seen in hypertrophy of the inferior turbinates in cases of chronic sinonasal diseases (e.g., allergic rhinitis [AR] and chronic rhinosinusitis [CRS] ). The turbinate mucosal enlargement is mainly due to fibrosis as the reactive outcome of chronic inflammation. When fibrosis sets in, the increase in size is difficult to reverse and thus, conventional treatment such as nasal decongestants and corticosteroids may have lesser effects [6] . Similarly, NSB could develop hypertrophic change and interfere nasal airflow in chronic inflammation of the nasal cavity. Thus, we assume that the size of NSB could be changed in chronic inflammatory diseases of the nose.
The authors thought that NSB can be more prominent in patients with chronic sinonasal inflammatory disease like AR and CRS. Because even though both had differing pathophysiology where AR is an immunoglobulin-E mediated inflammatory disease upon exposure to allergen while CRS is a clinical syndrome characterized by persistent symptomatic inflammation of the nasal mucosa due to dysfunctional interplay between host and environment, the hallmark of these diseases is chronic inflammation. In addition, most radiographic papers about NSB only measured the widest diameter on cross-sectional coronal computed tomography [1] [2] [3] [4] 7, 8] . These studies did not include the linear dimensions of the anterior and posterior parts of the fusiformshaped septal structure and the less vasoactive part of the septum. These measurements could show that these components could also undergo significant changes with the influence of chronic inflammation. Furthermore, the authors think that the overdevelopment of the anterior and widest section of NSB have more anatomic relevance in altering the parabolic flow of inspired air. Thus, this study aims to determine the radiographic changes of the NSB among patients with chronic sinonasal inflammatory disease.
MATERIALS AND METHODS
This was a retrospective study conducted at a tertiary training hospital involving a review of paranasal sinus computed tomography (PNS CT) scan among patients with and without PNS disease. The CT review was done in a consecutive manner from January 2014 to December 2015. The Institutional Review Board of Seoul National University Bundang Hospital permitted this study (No. B-1611-371-101).
Study population
The study included 405 PNS CT scans. Patients diagnosed with AR and chronic rhinosinusitis with (CRSwNP) or without nasal polyposis (CRSsNP) would be classified under the diseased group. While patients wherein PNS CT scan were requested for surgical access for brain tumors like craniopharyngioma, meningioma, and pituitary adenoma or for malocclusion, dental problem and facial pain, without any clinical and radiological findings related to PNS disease served as the control group. Both groups were further categorized into age groups, in years: ≤19, 20-29, 30-39, 40-49, 50-59, and >60.
Three hundred twelve subjects were identified with sinonasal diseases (203 AR, 50 AR and CRSsNP, 32 AR and CRSwNP, 16 CRSsNP, and 11 CRSwNP) while 93 had no sinonasal diseases. The control group consisted of 46 males (49.5%) and 47 females (50.5%) with mean age of 43.38±18.13 years old. The diseased group consisted of 212 males (67.9%) and 100 females (32.1%) with mean age of 35.13±16.22 years old. The average age difference between the 2 groups was statistically significant.
The AR diagnosis was made using the Allergic Rhinitis and its Impact on Asthma guideline and with confirmatory skin pricks test (SPT) and multiallergen screening test (MAST) [9] . The SPT is considered positive if the wheal diameter is 3 mm greater than the negative (saline) control and MAST result of as low as 27-65 LU/mL was interpreted as positive [10] . CRS diagnosis on the other hand were made using The American Academy of Otolaryngology-Head and Neck Surgery Adult Sinusitis guidelines and Lund-Mackay score of greater than 4 [11, 12] .
This study excluded PNS CT scans from patients whose septum cannot be delineated due to massive polyposis and severe septal deviation; and those who underwent nasal surgery.
PNS CT evaluation
As shown in Fig. 1 , NSB was identified, and the horizontal diameter was measured. Additional measurement posterior to the Radiographic changes (paranasal sinus computed tomography coronal view) of nasal septal body (NSB) were reviewed among 405 patients with and without sinonasal disease.
Mean NSB diameter is significantly larger among the diseased group (P=0.01).
As the individual gets older, NSB diameter was observed to significantly decrease in size (P=0.01).
The opposite was observed among the diseased group however the change is not statistically significant (P>0.05).
NSB structure was done to represent the less vasoactive area of the nasal septum. NSB was divided into 3 segments as follows: anterior part (A), located anterior and superior to inferior turbinate; middle or widest part (M), located anterior to middle turbinate and superior to inferior turbinate and posterior part (P), located within the anterior 1/3 of middle turbinate not going beyond the crista galli. Posterior part of the septum (sP) was measured at the area of horizontal attachment of middle turbinate to the lateral nasal wall and superior turbinate. The first author (JEG) performed all measurements. Data analysis was performed using IBM SPSS ver. 22 (IBM Co., Armonk, NY, USA). The independent t-test and ANOVA were used for statistical analysis of variables. The P-values of <0.05 were considered significant.
RESULTS
The horizontal diameter of NSB and posterior septum were tabulated in Table 1 Table 2 ). Such reduction in size was noticeable for those in their 4th, 5th, 6th, and 7th decades of life. For the diseased group, a trend of increasing NSB and sP size was noted as the subjects advance in age. However, only the anterior part (A) of NSB reached statistical significance (P=0.016).
DISCUSSION
The role of NSB in nasal airflow has always been poorly understood. Various terminologies such as nasal septal swell body, anterior septal tubercle, septal turbinate, intumescentia nasi anterior, and Kisselbach's body were used to describe this prominent structure of the anterior nasal chamber in the literature [2] . These seemed to characterize septal body's function. However, evidence of its influence in nasal airflow is yet to be determined. To date, there is no nasal aerodynamic study relevant to the septal swell body or an in vivo study measuring the changes occurring in healthy, diseased, and decongested state. These investigations are valuable to validate the hypothesis that NSB can indeed alter nasal airflow and resistance. The similarities in the histological and functional properties of NSB and inferior turbinate are as follows: both possess venous sinusoids and glandular properties although NSB shows a much lesser degree and both can change in size and shape in response to nasal cycle. Thus, this led the authors to think NSB may play a role in nasal aerodynamics [2] .
The INV, an important anatomical landmark in the nose, is the area where the inspiratory and expiratory air currents get turbulent. Any further narrowing of this region can significantly affect the nasal airflow hence can lead to subjective nasal obstruction [1, 4, 5, 13] . The authors of the current study, as well as some experts, think that NSB should be considered as part of INV, along with the caudal inferior turbinate, septum, and upper lateral cartilage [5, 13] . Thus, attention should be given to NSB when presented with restricted nasal airway and when doing surgical planning to correct narrowed nasal valve area. Values are presented as mean±standard deviation. In cases of chronic inflammatory sinonasal diseases like AR or CRS with or without polyposis, nasal mucosal swelling occurs. This mucosal thickening can undergo hypertrophic change due to prolonged inflammatory insult [6] . The fibrotic change is recalcitrant to conventional treatment like nasal decongestants and steroids. Most of the time surgery is warranted to reverse this transformation [6] . When subjected to similar insult, NSB can undergo fibrotic changes as well, which would not only make this structure thicker but also less elastic in responding to nasal cycle. This may contribute to clinical nasal obstruction because of its proximity to the INV. Our study showed the widening of NSB in chronic diseases, which means narrowing of INV area.
A study in 2004, wherein CT scans of 595 subjects with CRS was reviewed for the prevalence of NSB. Among the 595 subjects, 332 (55.79%) were considered to have NSB. The authors set a nonvalidated criterion where over 8 mm thickness of septum is determined as the presence of a swell body [7] . The authors of this study disagree with this statement because NSB is thought to be a part of the normal anatomy of the nasal septum, thus always present in healthy or diseased state. Another study performed in 2014 involving 40 patients with AR and 30 control subjects without AR, did not show any statistical significance between both groups (AR group, 11.23±1.56; control group, 11.17±1.49; P =0.869), which is in contrast to our study [8] . Small sample size may have underestimated the actual difference in both groups. As far as the authors are concerned, this is the only study available of NSB measurement in chronic sinonasal disease and control.
The majority of the previous studies on the morphology of NSB only consisted of radiographic measurement of the widest diameter. Our present study made some additional measurements that seemed to be relevant in describing the NSB in its fusiform structure. In this manner, we were able to determine that there are indeed significant changes in each segment/area measured in the NSB that were independent of each other. Also, in the present study, patients in the diseased group are in prolonged medication when CT scan was done. Therefore, any thickening observed could be due to mucosal remodeling due to chronicity of disease state.
When NSB measurement was analyzed by age group, the di- ameter appears to diminish as the individual gets older in the control group. The result supports the widely known notion that mucosal epithelium atrophies with age [14] . However, the reverse trend was observed among those in the disease group which is in support to previous studies that mucosal remodeling such as basement membrane thickening, increased extracellular matrix deposition and goblet cell hyperplasia are noted to be more prominent in adult CRS compared to pediatric or adolescent CRS [15] [16] [17] . Thus, mucosal remodeling has a direct relationship with the duration of disease. The NSB diameter trend by age group among control and diseased group are shown in Table 2 and Fig. 2 . While the significance of NSB on nasal airflow remains debatable, the findings of this study suggest that it may be beneficial to take note of this structure in evaluating patients with nasal obstruction. Most of the times, clinicians would look for septal deviation, inferior turbinate hypertrophy and nasal masses in looking for the etiology of nasal obstruction. Even though this is the case, however, if none of the usual cases are present, clinicians sometimes mistake septal swell body as high deviation thus unnecessary septal surgery could probably be done.
Surgical treatment of NSB is not commonly done. This is due to lack of consensus among ENT clinicians or rhinologists where most consider surgical treatment of NSB as aggressive and controversial [1, 18] . This lack of consensus may be influenced by inconsistent histological study results. The previous papers concluded that the primary role of NSB is humidification and regulation of the temperature of inspired air because the structure possesses more percentage of seromucinous glands than venous sinusoids [2, 4] . They promote the preservation of these glands to prevent mucosal dryness and crust formation. On the other hand, other study showed high proportions of venous sinusoids within swell body thus highlights its capacity to alter nasal airflow [1] . The potential to affect nasal aerodynamics led some authors to address NSB surgically. To date, there are only 3 published articles that looked at the effect of NSB reduction. One report presented nasal cautery and cryotherapy of the NSB and inferior turbinate in the treatment of nasal obstruction and inflammatory disease showing no benefit [19] . However, this study is underpowered also involving multiple surgical techniques. Other study combined septal body volume reduction and turbinoplasty using microdebrider, which appears to be more efficient than turbinoplasty alone in patients with inferior turbinate and septal body hypertrophy [20] . Lastly, a study used radiofrequency ablation of septal swell body for correction of refractory nasal obstruction. They introduced an effective and safe in-office surgical treatment in reducing NSB [21] . Although, the results of these studies are promising, the long-term efficacies of these interventions have yet to be determined.
This study has limitation in some points. This study is basically radiologic evaluation and measuring area and distance is somewhat thin and short, which can cause a minor mistake of measurement. This study excluded PNS CT scans from patients whose septum cannot be delineated due to massive polyposis and severe septal deviation.
It is hard to draw definite conclusions about the clinical implication of NSB overdevelopment based on the results of the present study. However, the main focus of this study is to show that NSB overdevelopment could be observed in subjects with chronic sinonasal disease. The authors think that the findings of the current study provide additional information that could help further understanding of this mostly neglected structure.
Conclusion and recommendation
With aging, we expect nasal mucosal atrophy among normal subjects. However, patients with chronic sinonasal disease did show thickened nasal mucosa without any atrophy. Further study on the clinical impact of NSB among the elderly should be investigated. Likewise, a research design to define the role of septal body in nasal aerodynamics should be performed, and the possible treatment in cases of hypertrophy should be contemplated.
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